This study investigated the comparative phytotoxcity effect of heavy metal contamination on Jatropha curcas, Jatropha gossypifolia and Jatropha multifida in contaminated soil from a dump site in Ibadan Nigeria. Seeds of J. curcas, J. gossypifolia and J. multifida were planted in a germination tray and later transplanted into polythene pots filled with 2kg of either control soil or heavy metal contaminated soil, a 3 × 2 factorial experiment laid out in complete randomized design (CRD) replicated four times was adopted; treatments imposed include T1 -J. curcas/Control Soil, T2 -J. gossypifolia/Control Soil, T3 -J. multifida/Control Soil, T4 -J. curcas/Contaminated soil, T5 -J. gossypifolia/Contaminated Soil, and T6 -J. multifida/Contaminated Soil. Weekly variation in growth parameters: the plant height, leave production and stem diameter were measured over the course of 12 weeks. The growth parameters were dependent on a combination of both specie type and level of heavy metal contamination of soil. J. multifida (T3) (36.93cm) performed best, comparable with J. gossypifolia (T2) (34.1cm) after 12 weeks while J. multifida (T6) had the lowest mean plant height (7.23cm) which is not significantly (p<0.05) different from other species on the contaminated soil; for leave production, J. gossypifolia (T2) produced the highest mean number of leaves (9.67) which is comparable with J. multifida (T3) (9.00) and less so with J. curcas (T1) (6.67) with significant leave losses on the contaminated soils after 12 weeks; variation in stem diameter shows that J. curcas (T1) had the highest stem girth (1.96 mm) which is comparable to the value obtained for J. curcas (T4) (1.95mm), while J. multifida (T6) had the lowest stem girth (1.09 mm). J. gossypifolia (T2) and J. multifida (T3) had comparable stem girth of 1.57mm and 1.47mm respectively. Toxicity of heavy metals in the contaminated soil greatly affect the growth parameters of the Jatropha.
Introduction
The pollution of soil by Heavy metals is one of the most important environmental problems throughout the world which causes significant toxic effect on humans, animals, microorganisms and plants [1] , [2] ; contaminated soils and waters pose major environmental, agricultural and human health problems worldwide. Humans and the ecosystem may be exposed to chemical hazards such as heavy metals (lead, chromium, zinc, cadmium, copper, mercury and nickel) through the consumption of crops and vegetables grown on the contaminated lands or drinking water that has percolated through such soils [3] . Thus, the concern over this subject is on the survival of the plant on one hand and food safety risk on other hand where these plants may absorb some of these toxic metals into their tissues. Jatropha species are used in traditional medicine to cure various ailments in Africa, Asia, and Latin America or as ornamental plants and energy crops and several known species from genus Jatropha have been reported for their medicinal uses, chemical constituents, and biological activities such as Jatropha curcas, Jatropha gossypifolia, and Jatropha multifida, among others [4] . ISSN : 2456-7132 Available online at Journals.aijr.in
Comparative Growth Response of Three Jatropha Species on Heavy Metal Contaminated Soil
J. curcas has been known to be a good phytoremediating plant capable of surviving in adverse heavy metal contamination, for instance, Idowu and Fayinminnu [5] investigated the phytotoxicity of spent oil contaminated soil on J. curcas, while several studies have also demonstrated its ability to withstand metal toxicities. Liang et al., [6] showed that J. curcas exhibited inherent tolerance to cadmium and lead stress and thus a good candidate for phytoremediation; the growth response of J. curcas to heavy metal contaminated sludge has been reported by several authors [7] , [8] , [9] , [10] with various phytotoxic effects observed dependent on the level of heavy metals present in the growth media. However, little information is available on the phytotoxicity of heavy metal contaminated soil on other Jatropha species like J. gossypifolia and J. multifida growing abundantly in different parts of Nigeria. The research therefore aims at evaluating the comparative phytotoxcity effect of heavy metal contamination on J. curcas, J. gossypifolia and J. multifida with a view to find a common behavioural pattern in the Jatropha spps and consequently, an alternative Jatropha specie with phytoremediating potential. (5) days, sieved using 2mm mesh size and analysed for heavy metals specifically, lead, chromium, Nickel, Zinc and cadmium. This is to ascertain the level of contamination by the metals and thus the effect on the growth factors of the plants. Routine soil analysis was also done on the two soil samples using standard procedures described by [11] . Seeds of J. curcas, J. gossypifolia and J. multifida were planted into a germination tray and healthy seedlings of about 5cm height were transplanted into each of polythene pots filled with 2kg of either control soil or heavy metal contaminated soil from the dumpsite and labelled accordingly. A 3 × 2 factorial experiment laid out in complete randomized design (CRD) [12] [13], replicated four times given a total experimental unit of 24 was adopted; where the factors considered were Jatropha specie (curcas, multifida and gossypifolia) and the level of soil contamination. The treatments considered were:
Materials and Methods

The
The control soil was considered uncontaminated in comparison to the soil collected from the dumpsite which is highly contaminated with heavy metals from the analysis of the soil heavy metal analysis before planting (Table 1) . Watering was done daily and growth observed for twelve (12) weeks. The effect of the heavy metals in the soil on the three Jatropha spp was studied by measuring the weekly variation in common growth parameters such as the plant height, leave production and stem diameter. The plant height of each seedling was measured with a measuring tape; leave production was assessed by counting the number of leaves produced per plant weekly and the stem diameter of each seedling per treatment was measured with use of vernier calliper weekly. The weekly data generated were subjected to Analysis of Variance and subsequently, Duncan Multiple Range test was used to separate mean where differences exist. SPSS version 20 was employed in the analysis of data. Table 1 presents the pre-planting heavy metal concentration and Table 2 represents soil analysis for both the control soil and soil from the dump site. The various levels of heavy metals obtained in the soil samples from the dump site were significantly higher than the levels obtained at the control site indicating that the soil samples from the dump site is contaminated with heavy metals as the values were higher than the recommended standard except for Chromium and Nickel which are within the set standard. The heavy metal levels obtained for the control soil are within the recommended limit set by WHO/FAO. The weekly variation in plant height over the course of 12 weeks after transplanting is shown in Figure 1 . The growth response in terms of plant height was dependent on a combination of both the specie type and the level of heavy metal contamination of soil after 12 weeks as observed in the analysis of variance (Table 3) . Comparable growth rate in terms of plant height was observed in the first 4 weeks after planting; however, the control plants significantly (p<0.05) fared better in plant heights compared to the plants grown on the contaminated soil with the J. multifida performing best on the control soil (T3) with a height of 36.93cm which is comparable with J. gossypifolia (34.1cm) (T2) after 12 weeks while J. multifida planted on the contaminated soil (T6) had the lowest mean plant height of 7.23cm which is not significantly different from other species planted on the contaminated soil. The weekly variation in mean number of leaves produced over the course of 12 weeks is presented in Figure 2 . As in the case of plant height, an interaction effect of Jatropha spp and the contamination level of soil was observed which suggests that the growth response in terms of number of leaves is also dependent on a combination of both the specie type and the level of heavy metal contamination of soil after 12 weeks (Table 4) . Leaf production within the first three weeks was muted and comparable across all treatments however, J. gossypifolia planted on the control soil (T2) produced the highest mean number of leaves after 12 weeks which is comparable with J. multifida on control soil (T3) and less so with J. curcas on control soil (T1) at p<0.05; however, leave production by all the species was greatly reduced after 12 weeks on the contaminated soil with J. curcas (T4) shedding all its leaves after 12 weeks. Figure 3 presents the weekly variation in mean stem girth produced over the course of 12 weeks. A significant (p<0.05) interaction effect between the Jatropha specie type and heavy metal contamination was also observed (Table 5) , which also suggests that the stem girth is dependent on a combination of both the specie type and the level of contamination. The result shows that J. curcas planted on the control soil (T1) had the highest stem girth of 1.96 mm which is comparable to the value obtained for J. curcas grown on the contaminated soil (T4), while J. multifida grown on the contaminated soil (T6) had the lowest stem girth of 1.09 mm. J. gossypifolia (T2) and J. multifida (T3) planted on control soil had comparable stem girth of 1.57mm and 1.47mm respectively. 
Discussion
The three growth parameters measured in this study were plant height, stem girth and number of leaves for each Jatropha spp in both the control and contaminated soil. The analysis of variance shows that there was significant difference (P < 0.05) in plant height, stem girth and number of leaves of the Jatropha spp planted in the control and contaminated soil in the twelve (12) weeks of study. This indicated that the growth performance of the Jatropha spp studied were dependent on a combination of both the specie type and level of contamination. The growths of the Jatropha spp in terms of plant height were found to be greatly reduced in the contaminated soil when compared to that observed in the control soil. The highest mean plant height (36.93cm) recorded in the J. multifida grown on the control soil (T3) is comparable to that of J. gossypifolia (34.1cm) grown on the control soil (T2) and significantly higher than J. curcas grown on the control soil (T1). However, J. curcas grown in the contaminated soil (T4) had the highest mean plant height of (8.37cm) which is not significantly different from J. gossypifolia (T5) and J. multifida (T6) which are (7.97cm) and (7.23cm) respectively. This result is comparable to that reported by Ahmadpour et al., [7] who reported a range of 6.98cm -8.79cm for J. curcas cultivated on various mixtures of soil and heavy metal contaminated sewage sludge. The implication of this is that toxicity of heavy metal in the contaminated soil greatly affected the growth of the Jatropha irrespective of the specie however, J. multifida and J. gossypifolia performed better than J. curcas on the control soil. The growth of the Jatropha spp was found to be slow in the first few weeks of transplanting in both control and contaminated soils, which likely occurred due to the plants attempting to acclimatize themselves to the new growing medium. The weekly trend in plant height also shows a retarded growth rate over the course of the last three weeks in the contaminated soil; a trend similarly observed by Majid et al., [8] and is attributed to the higher concentration of heavy metals in the soil which may have disrupted the ability of the plant to make use of the necessary nutrients for growth in the soil. In the production of leaves similar trend as in plant height was observed; J. gossypifolia grown on the control soil (T2) produced the highest mean number of leaves (9.67) after twelve (12) weeks which is comparable (p<0.05) to the mean number of leaves (9.00) produced by J. multifida (T3) after same period. The Jatropha spp planted on the contaminated soil however paled significantly in the number of leaves when compared to those of the control soil ( Figure 2 ). This further highlighted the significant effect of heavy metal toxicity in the soil on all the Jatropha species used in this study because at the end of twelve (12) [9] . The reason for this difference may be due to the fact that in the latter's study, various ratios of heavy metal contaminated sewage sludge was used which may provide lower level of heavy metal contamination in some of the treatments compared to the grossly contaminated soil sample used in this study. However, J. gossypifolia and J. multifida maintained similar level of leave decrease observed by Luhach and Chaudhry, [9] in J. curcas. This trend of lower number of leaves over time in the Jatropha plants grown on the contaminated soil was also reported by Ahmadpour et al., [7] for J. curcas. In the stem diameter, J. curcas grown on the control soil (T1) had the highest mean stem girth of 1.96mm which is not significantly different from 1.95mm measured for J. curcas grown on the contaminated soil (T4) after twelve (12) weeks, while J. gossypifolia (T5) and J. multifida (T6) grown on the contaminated soil have comparatively smaller value of stem girth after twelve weeks (Figure 3) . Ahmadpour et al., [7] reported a high stem diameter for J. curcas cultivated on a combination of 80% heavy metal contaminated sludge and 20% soil, this is quite similar to that observed in this study for J. curcas cultivated on the contaminated soil which is significantly higher than the other Jatropha species in the contaminated soil, this however, is in contrast to the trend reported by Majid et al., [8] where stem girth was reduced as a result of contamination. Here, a variation in specie performance in different contamination level is highlighted with J. curcas having comparable stem diameter in both control and contaminated soil which is different from the other species. The stem girth however, remains retarded around the last three (3) weeks. The growth parameters of Jatropha spp were affected more or less by the toxicity of the contaminated soil and the multimetal contamination on it, thus, higher level of contamination decreased the growth parameters to great extent. There may however be the potential of the Jatropha spp to withstand the toxicities in the long term as findings in the study by Juwarkar et al., [14] suggests that J. curcas long term survival in heavy metal contaminated soils may be promoted after amendment with soil improving organic waste materials.
Conclusion
This study has demonstrated the phytotoxicity of soil from dumpsite due to heavy metal contamination on the three Jatropha species studied. J. gossypifolia and multifida gave comparable growth response which is better than Jatropha curcas grown on control soil. Jatropha spp grown on heavy metal contaminated soil generally showed retarded growth rate compared to those planted on the non-contaminated soil. All the species had comparable growth parameters after twelve weeks on the contaminated soil which highlighted the adverse effect of heavy metal pollution in the soil on the plants. While J. curcas maintained similar level of stem girth in the contaminated soil as those cultivated on the control soil with total loss of leaves at the end of twelve weeks, J. gossypifolia and J. multifida were still able to retain some of their leaves thus indicating the specie variation effect which shows that each of the Jatropha spp has its different ways of responding to heavy metal toxicity and this therefore confirms that the phytotoxicity of soil, or wastes with higher concentrations of contaminants, may inhibit plant growth. This limitation could however be alleviated by the use of soil amendments that will improve the survival of these species on grossly contaminated soil and potentially serve as phytoremediators.
